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ABSTRACT.
Extracts of foliage from the insect resistant soybean
genotype PI227687 were bioassayed for activity against the
soybean looper, Pseudoplusia includens
deterrency and growth inhibition tests.

(Walker), in feeding
Dichloromethane

extract had a pronounced deterrent effect on feeding, while
petroleum ether and methanol extracts stimulated feeding.
The water extract exhibited neutral activity.

Flash

chromatography of the dichloromethane extract yielded four
fractions with moderate deterrent properties, one which was
strongly deterrent, and one which was stimulative. Similar
fractionation of the methanol extract yielded four
fractions; one stimulated feeding, two deterred feeding,
and one was neutral.

Feeding P. includens larvae on

artificial diet supplemented with extract fractions
indicated that one dichloromethane fraction and three
methanol fractions caused greater mortality than solvent
control diets.

Chemical analysis of the methanol fractions

MEOH 3 and MEOH 4 yielded the closely related flavonoids:
coumestrol, phased, and afrormosin.
The sex pheromone of Chilo plejadellus Zinken was
shown to be (Z )— 13-octadecenal. This compound was extracted
from female abdominal tips and detected by gas
chromatography ( G O , gas chromatography mass spectroscopy
(GCMS) and by comparison with synthetic material.

Field

tests conducted in Crowley, Lake Providence and Mer Rouge,
Louisiana showed that a trap baited with 3.0 mg of
viii

(Z)-13-octadecenal was 90JS as attractive as traps containing
C. plejadellus virgin females.
effective in detecting

C.

Pheromone traps were more

plejadel lus

fluorescent "black” light trap.

populations than a

Monitoring studies

conducted in Texas, Louisiana and Arkansas indicated that
rice grown in all three states is being infested by
C. plejadellus. Among them, rice grown in Louisiana suffers
the highest damage.

INTRODUCTION.

Since appearing on earth, man’s population has
increased exponentially, causing ecological problems to the
natural habitat of almost every species. Early huntei—
gatherers depended exclusively on the natural ecosystem for
food. About ten thousand years ago man began to cultivate
food crops, giving birth to a rustic form of agriculture.
Between three and four hundred years ago, man started to
manipulate energy to control his environment. Food crop
yields were increased and public health was improved. As a
result, man’s population growth rate has increased
alarmingly. The need to feed this rapidly growing world
population is the reason for increased chemical and non
chemical control of pests.

World crop losses due to

pathogen, insect and weed pests are estimated to be 35%
(Cramer 1967).
Pest outbreaks are often the result of a combination
of ecological factors, one of which is the monoculture of
crops. Natural ecosystems tend to evolve toward stable
climax communities for each particular habitat in the world.
In production agriculture, however, the natural plant
community is replaced by a single or a few crop species.
One negative aspect of monocultures is that they increase
the potential for pest infestation, since monoculture are
easy to find by pests.

Another problem associated with

monoculture is that amending the soil with nutrients
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normally results in a nutritionally better host (Haseman
1946) and as a result increases damage from insect pests.
In order to develop an efficient integrated pest
management program, it is essential to understand the
ecological basis of the pest problem, the monitoring of the
pest and natural enemy populations, and the analysis of the
benefits and costs of pest control technique(s).

Knowledge

of the ecological basis of the pest problem will suggest
wass and means of altering the crop or livestock environmen
to reduce the attack of pests. Since not all insect pest
problems are solved by manipulating the environment of the
pest, the second line of defense is the use of pesticides.
With adequate information concerning beneficial and pest
insect populations, the control specialist can determine the
best pesticide to use and the optimum time of application.
Limiting pesticides applications reduces pesticide costs,
reduces the risk of the development of insecticide
resistance, and reduces the risk of environmental pollution.
The objective of any pest management program is the
development of ecological oriented systems that optimize
crop protection and produce large benefits to society as a
whole. It is well established that most crop pests are
tremendously adaptive, highly reproductive organisms, and
most of them are not likely to be eradicated.

Therefore, an

effective integrated pest management should seek to maximize
natural forces to keep insect pest populations below
economic injury levels.

There are five direct
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integrated pest management tactics.

They are crop plant

resistance, biological control, cultural control, chemical
control, and attractants.
Crop Plant Resistance.
Plant resistance is defined as the ability of a plant
to avoid, tolerate, or recover from attacks of insects under
conditions that more severely injure other plants of the
same species (Painter 1951).

The development of plant

resistance to insects as a discipline can be divided into a
pre-World War II era, a period inmediately after World War
II, and the current period of environmental awareness. Prior
to World War II, initial observations by scientists led to
cooperative efforts by plant breeders and entomologists to
develop improved cultivars to control insect pests.

The

development of highly effective synthetic pesticides such as
DDT during the post war years caused a significant shift
away from plant resistance research.

Since the late 1960's,

there has been a shift towards the development of integrated
systems of pest control which makes use of plant resistance,
insecticides and other tactics.

This change was conditioned

by two major factors, the development of insect resistance
to insecticides and the concern about environmental
pollution due to the excesive use of toxic chemical
pesticides.
The use of plant resistance should be the first
consideration in the long term development of integrated
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pest rmanagement programs. Plant resistance to insects may
be due to a simple dominant gene or it may be complicated
and polygenic in nature. It can be transferred to cultivars
by using standard backcross procedures, or by hybridizing
resistant wild species with closely related cultivated
species. There is a current emphasis on the development of
cultivars possessing polygenic resistance, because this
resistance tends to retard the development of resistancebreaking insect biotypes.

However, development and

maintainence of resistance is complicated because resistance
to one type of pest may render susceptibility to another
(Zink and Duffus 1969; Beck and Maxwell 1976).
The earliest success of the use of plant resistance to
insects is the control of the European grape phylloxera,
Phylloxera vitifoliae

(Fitch). Balachowsky (1951) described

the appearance of this North American pest in France in 1861
and its rapid spread to vineyards in other European and
mediterranean countries.

The entire French wine industry

was on the brink of collapse by 1880 but complete control
was not achieved until 1890, when French vineyards were
reconstituted using grafts of the susceptible European
grapevine scicions onto resistant North American rootstocks.
Despite this spectacular beginning, plant resistance
attracted little attention until Reginald H.

Painter and

coworkers started a systematic study of plant resistance to
insects at Kansas State University in the late 1920's.
Since that time, there has been success in the use of insect

resistant varieties of cucurbits, rice, wheat, corn,
sorghum, soybean, alfalfa and cotton (Horber 1972; Smith et
al.

1974; Huffaker et a l .

1976; Boozara et a l .

1984).

Biological Control.
Biological control occurs when the action of parasites
predators, or pathogens control or continually regulate a
host insect population at densities below what they would be
in the absence of these natural enemies. Biological control
has several advantages over many other types of control,
since it is relatively safe, permanent and economical. One
minor disadvantage is that it may take a long time to
implement a biological control program.

The safety of the

biological control is outstanding, since many natural
enemies are host-specific or restricted to a few closely
related species. It is relatively permanent since it is
almost impossible to erradicate any insect species, and
efficient natural enemies often continue to have an effect
year after year with little or no assistance from man. It
is economical since once efficient natural enemies are
present, little may need to be done to keep them, other than
to avoid disruptive practices.
According to Pschorn-Walcher (1977), the potentially
successful natural enemy is one that has high searching
ability, a good synchronization with the host, a high
reproductive rate, a high degree of specificity, and a high
degree of adaptability to a wide range of ecological
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conditions.

From the pest management viewpoint, such a

natural enemy is ideal, since no management is necessary to
keep the pest at a noneconomical level.

Unfortunately, with

the exception of some examples like the control of citrus
red mite, Panonychus citri

(McGregor), no such efficient

natural enemies have been yet found for most pest species
(Abies and Ridway 1981).
Cultural Control.
Cultural controls are among the most economical and
widely applicable insect control methods. They have provided
good control of pests and diseases for hundreds of years.
Among some of the methods widely used to control insect
pests and some plant diseases are:

timing of planting and

harvesting, crop rotation, managing water, controlled
burning, sanitation, use of crop free periods, and
destruction of border (alternate host) plants.
Unfortunately, the development of insecticides has caused
many of these methods to be largely abandoned. Cultural
methods by themselves seldom give complete control of a
complex of agricultural pests but they present much promise
as supplementary components in integrated control systems.
In the People’s Republic of China, the fungus B. hassiana
serves as the principal means of control of the European
corn borer, Ostrinia nubialis (Hubner) (Soper and Ward,
1981, Nat.

Acad. Sci.

1976).
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Chemical Control.
Chemical insecticides are the most reliable pest
management tool available for use when insect pest
populations approach or exceed the economic threshold. They
are highly effective, rapid in action, adaptable to most
situations, and relatively economical. Despite their
advantages, insecticides also have major disadvantages, such
as insect resistance to insecticides (cross-and multiple
resistance), outbreaks of secondary pests, adverse effects
on non-target species, and unacceptable levels of pesticide
residues (Smith 1970).

The misuse and overuse of

insecticides have been the most important factors in the
growth of interest in insect pest management (Von Rumker and
Horay 1972).

Application of insecticides can only be

justified when benefit/risk ratios are clearly tilted in
favor of insecticide use.
Attractants.
Attractants are chemicals that control insect behavior
in searching for food, oviposition sites and sexual
partners. Their use in insect pest management is precise,
specific and ecologically safe.

Chemical substances that

deliver behavioral messages have been termed semiochemicals
and they can act either intraspecifically, between
individuals of the same species or interspecifically,
between members of different species (Law and Regnier 1971).
Attractants that have the highest potential to be used in
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integrated pest control are the pheromones. Pheromones are
exocrine secretions that cause a specific reaction in the
receiving individual of the same species. These reactions
can be observed as alarm, sexual attraction, aggregation, or
tracking.

The two classes of pheromones most exploited in

pest control are the sex pheromones, employed by insects in
mating, and the aggregation pheromones, which bring both
sexes together for feeding and reproduction. Their use has
been developed for mating disruption, mass trapping and
monitoring insect populations (Hummel and Miller 1984).
Mating disruption is achieved by permeating the area under
treatment with synthetic pheromone to reduce mate-finding or
aggregation, resulting in a suppression of mating. Mass
trapping requires the use of a highly potent insect
attractant in a large number of traps to reduce population
levels.

Although their concept looks simple, in practice it

is not always possible to know what proportion of the wild
population needs to be trapped to achieve good results at a
reasonable cost.

Monitoring an insect pest population with

a pheromone to detect both presence and density can be done
to better define the optimum time of insecticide
application.

Pheromones can also be used to define areas of

infestation of pests, particularly where the overall
distribution and life cycle are poorly understood.
Pheromones are not as strictly specific as originally
believed, (Hummel and Miller 1984), but they do have a very
narrow range of specificity.

Some of the natural enemies
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associated with plant-feeding hosts have evolved behavioral
responses to their host pheromone(s) even though they and
their hosts are taxonomically unrelated. In order to
optimize the use of pheromones there is need for more
research in the area of pheromone applications,
formulations, dosage rates and mechanisms of action (Kae et
al. 1972).
The intensification and increasing complexity of crop
protection problems, coupled with the associated
environmental, financial, and health hazzards of heavy
chemical usage have combined to stimulate great interest in
the importance of a broad ecological approach to crop
protection. The concept of integrated pest management has
not arisen from disjoint developments in crop protection,
but is a realistic development toward ecologically-based
pest control.

Integrated pest management is significantly

different in that it has set crop protection in a new
copncept within a crop protection system. Many components of
integrated pest management were developed in the late 19th
and early 20 th centuries, but integrated pest management as
now conceived is unique because it integrates
multidisciplinary methodologies to develop effective and
economical agroecosystem management strategies that are
protective of both environment and public health.

CHAPTER 1

ALLELOCHEMICALS FROM SOYBEAN AFFECTING
BIOLOGY OF Pssudoplusia includens (WALKER)

This chapter was written in the style of
the Journal of Chemical Ecology.
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INT ROD UC TIO N

Soybean has rapidly developed into one of the main
sources of food for man. The accelerated demand for oil and
protein has resulted in an increase in acreage planted in
the United States from an average of 18,045,000 acres during
the period of 1950 to 1959 to 52,460,000 acres in 1974
(Newsom et al.

1976). Of all areas where the crop is grown

commercially, the most dramatic increase has been in the
southern United States. In Louisiana alone 240,000 acres
where planted in 1961 compared to 3.2 million acres in 1979
newsom et al

1980).

Unfortunately, from the stand point of

insect pest problems of soybean, the south is an area of
much higher pest hazards, since it offers better climatic
conditions which are more conducive to insect growth. Most
of the expanded acreage of soybean is in recently cleared
forest areas, comprising prime habitat for upland animals,
waterfowl, and fish.

These areas are especially sensitive

to pollution by pesticides. Many of the soybean growers
either are, or have been, cotton producers and thus are
aware of the necessity for developing pest management
systems for soybean that will avoid the catastrophic
problems that have developed in cotton insect control from
excessive use of insecticides.

Thus, integrated pest

management programs provide the only reasonable approach to
control soybean insect pests.
In the United States, soybean is attacked by a complex
of 12 major species including: the velvetbean caterpillar,

\2
Anti carsi a gemmatalis

Hubner, the green cloverworm,

Piathypena scabra (Fabricius); the soybean looper,
Pseudoplusia includens (Walker); the Mexican bean beetle,
Epilachna varivest is Mulsant, the bean leaf beetle,
Cerotoma trifurcata (Forster), the banded cucumber beetle,
Diabrot ica bait eat a

LeConte; the corn earworm,

Heliothis zea; the southern green stink bug, Nezara viridula
(Linnaeus); the green stink bug, Acrosternum hilare (Say),
the brown stink bug, Euschistus servus (Say); the dusky
stink bug, Euschistus tristigmus (say); and the onespot
stink bug Euschistus variolarus (Palisot de Beawvois).
Besides these major pests, soybean is attacked by more than
25 minor pests and at least 15 more species that are vectors
of three important virus diseases (Ford and Goodman 1976).
All parts of the plant are attacked directly, the most
versatile pest is the bean leaf beetle, E.

trifurcata, that

attacks foliage and fruit as an adult, nodules and roots as
larva, and vectors bean pod-mottle mosaic virus as an adult.
In the development of a pest management strategy for
soybean insects, the use of insect resistant varieties is an
area which has been researched extensively.

Soybean insect

resistance was first detected in Asian plant introductions
PI171451, PI227687, and PI229358 to E.
1971).

varivestis (VanDuyn

Resistance in the same germplasm has also been

determined to the striped blister beetle, Epicauda vittata
(F.), C.
et al.

trifurcata (Forster), and

H. zea

Boddie (Clark

1972); the tobacco budworm, Heliothis virescens (F.)

(Hatchett et al.1976); the cabbage looper, Trichoplusia ni
(Hubner) (Luedders and Dickerson 1977);
(Hubner) (Paschal and Minor 1978),

H.

A.

gemmatalis

amiger (Hubner) and

H. punctiger Wallengren (Tuart and Rose 1979); the white fly
Bamisi a tabacci
beetle
(German)

(Genn.) (Lourencao and Yuki 1980); the leaf

Col apsis occidental is

and Diabrotica speciosa

(Rezende and Miranda 1980); and N. viridula (L)

(Jones and Sullivan 1979).

Multiple resistant biotypes have

also been identified in breeding lines derived from PI229358
(Hatchett et al. 1979 ) and PI227687 (Smith and Brim 1979a).
To date, little progress has been made in determining
the chemical basis of insect resistance. Initial work in
this area (Applebaum et a l .

1965) attributed resistance to

the bruchid, Callosobruchus chinesis

L . , to saponins.

Panda and Daugherty (1975), suggested the existense of a
chemical resistance factor in developing pods of glaborous
genotypes of ’Clark' soybean which lengthened H. zea larval
development and inhibited pupation.

Tester (1977)

demonstrated that PI229358 and PI227687 foliage had lower
total nitrogen and organic acid contents over the life of
the plant than did the two susceptible varieties ’Ransom’
and ’Coker Hampton 266A’.

Conversely, the two resistant

genotypes had higher soluble carbohydrate and total sterol
concentrations than the susceptible varieties. Pinitol
(3-0-Methyl-chiro-inositol) was isolated by Dreyer et al.
(1979) from soybean and shown to inhibit H. zea

larval

growth, although recent results (Gardner et a l .

1984) do
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not support this claim.

Grunwald and Kogan (1981) found no

differences in sterol content between insect-resistant and
insect-susceptable varieties.

Smith and Brim (1979b) found

that water leaf extracts of PI223958 elicited greater
E. varivestis feeding activity than either chloroform or
methanol leaf extracts. In similar studies, Smith and Gilman
(1981) found that PI227687 is twice as resistant as PI229358
to P. includens larval feeding and survival.

Hart et al .

(1983) studied the effect of soybean phytoalexins
(substances produced in response to invasion of plants by
pathogens) on feeding of P. includens and

E. varivest is .

She concluded that phytoalexin production deterred feeding
by adult and fourth instar E.

varivestis

did not affect feeding or development of

larvae, but it
F.

includens

larvae.
Smith and Fischer (1983), found that P. includens
larvae suffered high mortality when they are fed artificial
diet supplemented with a methanol extract of PI227687 leaf
powder as compared to petroleum ether or dichloromethane
extracts, or similar extracts from the susceptible variety
'Davis'. In subsequent studies, Dowd et al.

(1983) found

similar results, and also demonstrated that P. includens
larvae reared on diet containing PI227687 methanol extract
had lower levels of midgut hydrolytic esterases. Recently
Reynolds (unpublished data) found that the methanol extract
contained high concentrations of the estrogen coumestrol,
but this compound alone causes no antibiotic effects on
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P. includens

larvae.

However, Dowd et al. (submit.)

demonstrated that the rate of hydrolysis of cis-permethrin
fenvalerate and acephate insecticides are reduced when
larvae are fed artificial diet supplemented with coumestrol.
The objectives of the present work were to develop a
technique to bioassay leaf extracts and extract fractions
from soybean PI227687 and use them as a guide to identify
the compounds responsible for resistance to P. includens
larvae.
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M A T E R I A L S AND METHODS.

Plant, and Insect Materials.
Larvae of P. includens used in these experiments were
from a laboratory colony reared on an artificial diet (Shour
and Sparks 1981) at 27 ± 1°C and 65% RH on a 14L:10D
photoperiod.

Insects collected on cotton and soybean were

added semiannually to insure genetic variability in the
colony.
Seeds of soybean genotype PI227687 were obtained from
Dr. Curtis Williams, Jacob Hartz Seed Co., Stuttgart, AR
and field planted in June, 1983. When plants reached the V7
stage CFehr et al.

1983), the fourth through eight

trifoliates down from plant apices were collected, air—
dried, ground to a fine powder, and extracted in a series by
soxhlet with petroleum ether, dichloromethane (DCM) and
methanol (MeOH) for 48 hrs each (Figure 1).

The residue was

then stirred with water for another 48 hr. The crude MeOH
and DCM extracts were fractionated by flash chromatography
on silica-gel 60 using chloroform/acetone as a gradient
eluent. In order to eliminate chlorophyll from the methanol
fractions, MeOH 3 and MeOH 4, they were separated by flash
chromatography on C-18 reverse phase silica-gel using
methanol/water (4/1) as an eluent. A mixture of flavonoids
was eluted from the column while the chlorophyll remained
absorbed. The eluate from fraction MeOH 3 was concentrated
and separated by reverse phase thin layer chromatography
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(TLC) on 1mm C-18 silica-gel plates using methanol/water
(4/1) as an eluent.

Coumestrol (1) and p h a s e d

(2) were

isolated as pure compounds and characterized by *H NMR and
MS as acetate derivatives. The eluate from fraction MeOH 4
was concentrated and separated by TLC on silica-gel using
hexane/acetone (2/1) and chloroform/methanol (25/1) as
eluent.

Afrormosin (3) was isolated as a major constituent

and characterized by ‘H NMR, MS, and X-Ray analysis.
Feeding Activity Bioassav.
Solutions of the crude extracts of MeOH, DCM, and
their fractions, in concentrations

equivalent to their level

of natural occurrance in the plant

(Smith

were applied to 25 mm diam.
(75 /uL/disc).

and Fischer 1983)

nitrocellulose discs

All discs were then treated with 75 juL of

10% sucrose as a phagostimulant and allowed to dry.

Solvent

controls were prepared in the same way. One treatment and
one control disc were placed in a divided 90 mm. diam.
plastic petri dish and the dish was infested with one newly
molted sixth instar P.

includens

humidity, the dish lid contained a

larva.To maintain
9 cm. Whatman No.

filter paper moistened with 2 mL of distilled water.

3
Petri

dishes were then stacked in racks and enclosed in
translucent plastic bags containing a moist sponge. Larvae
were allowed to feed for 48 hr at the conditions stated
above for rearing.
bioassayed.

Ten larvae for each treatment were

Feeding activity was expressed as: mg control
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disc eaten-mg treatment disc eaten.

Positive values

indicated deterrence negative values indicated stimulation.
Data in each assay were subjected to a one way analysis of
variance and treatment means were separated by Duncan's
multiple range test (Duncan 1951).
Growth Inhibition Bioassay.
Extract fractions were bioassayed for growth
inhibitory effects by dissolving each in 3 mL of DCM or
water and combining with 250 mL of warm liquid diet in
concentrations equivalent to which they occurred in the
plant (Smith and Fischer 1983).
blended for 3 min.

Extracts and diet were

and dispensed into individual 30 mL

polystyrene cups (35/treatment).

Diets were allowed to

cool at 25 °C for 3 hr and solvents were removed by blowing
a gentle stream of air over them for 24 hr. First instar
P.

includens larvae (12-18 hr old) were then transferred to

the diet cups (one per cup) and each cup was capped with a
paper lid.

All treatments were kept in an incubator at

rearing conditions until pupae eclosed.
determine growth inhibition were:

Criteria used to

10 day larval weight,

larval life span, pupal weight, and overall mortality.

Data

in all treatments were subjected to a one way analysis of
variance and means separated by Duncan's multiple range test
(Duncan
1951) .
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Attempted synthesis of phaseol (2) from coumestrol (1).
Method A (Kornblum et al. 1963).
Coumestrol (100 mg) was added to a solution of 40 mg
of Baker® analyzed reagent grade sodium hydroxide dissolved
in 40 mL of water under argon atmosphere. After 3 hr. at
room temperature,

15 mg of prenyl bromide in 10 mL of

methanol were added dropwise. After 24 hr, the reaction
mixture was neutralized with aqueous 1N HC1. A yellow solid
precipitated, which was first washed with water, followed by
ether and then dried under vaccum.

*H NMR analysis in

deuterated DMS0 indicated 100% recovery of starting
material.
Method B.
The same quantities and reaction conditions as in
method A were used.

The reaction was carried out in

2,2,2-trifluoroethanol as a solvent. TLC and

NMR

analysis indicated 100% recovery of the starting
material.
Method C (Serma et al. 1984).
To a suspension of 100 mg of coumestrol in 4 mL of dry
acetonitrile 400 mg of Nal were added, followed by 0.5 mL of
isoprene and 0.5 mL of chlorotrimethylsilane. The reaction
mixture was stirred at room temperature and monitored by
TLC.

Coumestrol did not solubilize in acetonitrile. After
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24 hr, the reaction mixture was filtered, washed with an
aqueous 1% Na 2S z0„ solution, followed by water, and ether,
then dried under vaccum.

‘H NMR analysis of the residue in

deuterated DMSO indicated 100% recovery of starting
material.
Method D ( Raj et al. 1976).
To a suspension of 100 mg of coumestrol, 20 mL of
freshly distilled ethyl ether and 5 mL of boron
trifluoride-etherate, were added 100 mg of 1 ,1-dimethyl2-propen-1-ol dissolved in 10 mL of ethyl ether.

The

solution was stirred at room temperature for two hrs.

The

mixture was treated with moisted ether and filtered in
vaccum. The residual solid was washed with water, then with
ether, and dried under vaccum.

The *H NMR spectrum showed

100% recovery of starting material.

RESULTS.
Feeding Deterrence Bioassav
Results of Bioassay I with PI227687 leaf powder
extract indicated that the DCM extract significantly
(P<0.05) deterred feeding (Table 1).

In contrast, the

petroleum ether, MeOH and water extracts all stimulated
feeding.

Fractionation and testing of the MeOH extract

however (Bioassay II), indicated a wide range of insect
responses to the various extract fractions (Table 1).

The

bioassay conducted using water as a solvent indicated that
the MeOH 1 and MeOH 4 fractions stimulated feeding, but the
MeOH 2 and MeOH 3 fractions had neutral effects. Since the
MeOH 3 and MeOH 4 fractions were difficult to dissolve in
water, they were dissolved in acetone and retested. In
these assays, both the MeOH 3 and MeOH 4 fractions were
highly deterrent (Table 1).

Fractionation of the DCM

extract yielded six fractions for Bioassay III.

DCM

fractions 1,3,4 and 6 had moderate feeding deterrency,
while DCM 5 was stimulative, and DCM 2 was highly deterrent
(Table 1).
Growth Inhibition Bioassay.
Fractions DCM 2, MeOH 1, MeOH 3, and MeOH 4 also had
highly detrimental effects on P. includens larval weight and
survival (Table 2). The MeOH 1 and MeOH 2 fractions produced
larvae which weighed significantly (P<0.05) less and had
significantly (P<0.05) longer life spans than larvae reared
on control diet (Bioassay I, Table 2). However, only the
MeOH 1 fraction caused larval mortality (100%).

The MeOH 3,

MeOH 4 and DCM 2 fractions also produced larvae which
weighed significantly (P<0.05) less and required a
significantly (PC0.05) longer period to develop than larvae
reared on solvent control diet (Bioassay II, Table 2).
Mortality in the MeOH 3, MeOH 4, and DCM 2 fractions was 71,
97, and 80%, respectively.

Pupal development was affected

only by the MeOH 1 fraction, where the weight of the only
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survivor was approximately half of larvae fed control diet.
Moderate larval weight reduction and increase in l-arval life
span was detected in Bioassay III where diets containing the
DCM 1,3, 4,5,6 fractions were tested (Table 1). However,
none of these fractions caused mortality of the same
magnitude as MeOH 1, 3, 4 or DCM 2.
Coumestrol (1). Ci 5H 80 5. Solid isolated from fraction MeOH 3
as a blue fluorescent band on reverse phase TLC at RF 0.42
using methanol/water (4/1) as solvent. Due to solubility
problems, characterization by *H NMR and MS was performed
with its acetate derivative. The 200 MHz *H NMR spectrum in
CDC1 3 was identical with the spectrum obtained with
authentic material.

H-1 (S 8.02, d, J 1 ,2=8.5 Hz), H-2

(S 7.2, dd, Jj, 2=8 .5, J z,4=2.3), H-4 (S7.3, d, J*, 2=2.3),
H-7 (S 8 .11,d , J 7 ,b= 8 .6 ), H -8 (S 7.22, dd, J 8 ,7=8 .6 ,J 8 ,j0=
2.4), H-10 (S 7.49 d, J lo,s=2.40), CH 3 (S 2.43.S). MS m/z
(rel. intens.)

352 (6.2) C 19H 120 7, M - , 310(11.2) M +-C 2H 20,

268 (100) M +-2C 2H 20 .
Phased

(2). C 2 oHi60 5 . Isolated as a solid from fraction

MeOH 3 as a blue fluorescent band on reverse phase TLC at
RF 0.27 using methanol/water (4/1) as solvent.
Characterization was made possible by *H NMR (200 MHz) and
MS of its acetate derivative. The *H NMR spectrum in CDC1 3
exhibited the characteristic signals which were in accord
with data reported by O ’Neill (1983).

H-1

(S 7.85, d,

J,, 2=8.5 Hz), H-2 (S 7.6, d, J 2 >1=8.5), H-7 (S8.12, d,
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J 7 ,8=8.7), H -8 (S7.21, dd, .J8 ,7=8.7, J 8 il=2.2), H-10
(S 7.48, d, Jio,8= 2 .20, H-1’ (S 3.59, d, J,',*'

i=7.0), H-2*

(S5.19 brt, J z ’.t’ ~7.0), H-3'a (5 1.84, S ) , H-3'b
(S 1.70.S), CH 3 (S 2.43.S).
(6.7) M +

MS m/z (rel irvtens.): 420

(C24H 160 7), 378 (8.5) M+-C 2H 20, 336 (46)

M +-2C 2H 20 , 281 (21) M +-2CzH 20— C 4H7, 280 (60)
M +-2C 2H 20-C 4H 8.
Afrormosin (3). Ci 7Hi 40 s.

Isolated as a crystal from

fraction MeOH 4 as a blue fluorescent band on normal phase
TLC at an overall RF 0.62 in hexane/acetone (2/1) followed
by chloroform/methanol (25/1) solvents.

The XH NMR

spectrum in CDC1 3 exhibited the signals of H-2 (S=8.35, S ) ,
H-5 (S=7.61 S), H-8 (S=6.93 S ) , H-2’, H-6 ’ (S=7.66, d,
J 2 ’,3 ’= J 6 ',s '= 8.5), H-3', H-5' (S=6.97, d, J3 ’,2’=
J j 1>5’,= 8.5). MS m/z (rel.

intens.)

298 (100) Ci 7Hi 40 5

M +, 283 (11.1) M +-CH3, 267 (1.5) M +-CH 30, 166 (44)
M +-C 9H b0 .

The structure was confirmed by single crystal

X-Ray analysis (Figure 2).
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DISCUSSION.

It is evident that inhibitors and/or feeding
deterrents play an important role in the resistance of
soybean PI227687 foliage to P. includens

larvae. As shown

in Table 1, only the dichloromethane extract deterred
feeding of P.

includens

larvae.

After fractionation,

deterrency was found in five of six fractions of the DCM
extract. There was no relation ship between feeding ,
deterrency (Table 1) and growth inhibition (Table 2) for the
DCM extract.

The DCM 5 fraction, which stimulated feeding

and showed no inhibition on early
stages.

P. includens

larval

On the other hand, the DCM 2 fraction, which showed

the highest deterrency (Bioassay III, Table 1), produced
growth inhibition in the early larval stages and caused
mortality of 80% (Bioassay II, Table 2).

Comparison of

fraction DCM 2 with fraction DCM 4 suggests that DCM 4 lacks
growth inhibition properties, since larvae failed to gain
weight during the early instars.

These events are probably

due to feeding deterrency causing an extension of the larval
life (25 days), since mortality was only 13.8%.
The methanol extract elicited a strong feeding
stimulatory effect, an expected result due to the high
concentration of carbohydrates in the extract. Comparison of
the feeding deterrency and growth inhibition bioassays
indicated that a combination of these two factors plays an
important role in survival of P. includens

larvae fed diets

containing the MeOH 3 or MeOH 4 fractions.

In both, the
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MeOH 3 and MeOH 4 fractions, larval weights were
approximately 3 % of the weights of larvae fed control
diets, larval life span was doubled and mortality was high
(71% and 97%, respectively).
The most polar fraction, MeOH 1, stimulated feeding
but caused 100% larval mortality. Activity might be due to
compounds such as phenolic glycosides with growth inhibitory
properties, in which the glycoside could be a feeding
stimulant, and after ingestion in vivo , the aglycone acts
as a toxin.

This hypothesis will require experimental

verification.
Chemical analysis revealed the isoflavones coumestrol
(1) and p h a s e d

(2) as major constituents of fraction MeOH 3

and afrormosin

(3)

in the MeOH (4) fraction. It is well

established that isoprenylated isoflavones are more active
than their non-prenylated analogs, and it has been suggested
that this reflects the greater lipid solubility of the
prenylated derivatives (Smith 1978) Figure 3.

O'Neill et

al. (1983), found that kievitone (4) inhibits
Cladosporium cucumerinum spore germination at half the
concentration of the non-prenylated dalbergiodin
phytoalexin.

(5)

Ingham et al. (1977) and Harborne et al.

(1976), have established that kievitone (4) , the prenylated
wighteone (7) and luteone (9) have higher antifungal
activity than their non-prenylated analogs dalbergiodin
(5) , genistein (6 ) and 2' hydroxygenistein (8 ) ,
respectively.

Based on these data, there is a possibility
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that prenylated derivatives of coumestrol could be
responsible for soybean resistance to P. includens

larvae.

Due to the low quantities isolated, it was not
possible to obtain biological activity data for p h a s e d
and afrormosin (3) .

(2)

Several synthetic routes to obtain

p h a s e d were attempted.

These attempts were based on the

assumption that C-alkylation of coumestrol would
preferentially occur at C-4 since this carbon is doubly
activated by the presence of two oxygen functions in the
aromatic rings of the molecule.

The only synthetic

complications was expected to be related to the selectivity
of the reaction together with the possibility of
polyalkylation of both aromatic rings. We had planned to
test all the compounds isolated, whether natural products or
not, to obtain a broader spectrum on structure- activity
relation-ships.
The first synthetic attempt made

use of the method

reported by Kornblum et a l . (1963) for the C-alkylation of
phenolic compounds under aqueous basic conditions. Although
coumestrol dissolved in the sodium hydroxide solution,

^MR

analysis of the reaction products indicated that no reaction
had occurred. An increase of the base concentration was
considered but hydrolysis of the prenyl bromide was expected
to be a major side reaction. Instead, it was decided to use
a better ionizing solvent such as 2,2,2,-trifluoroethanol to
improve yields and favor "C"- over "0"-alkylation of
phenolic compounds (Method B Kornblum et a l .

1963).
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However, this method was ineffective since only starting
material was obtained.
More recent methodologies for the preparation of
prenylated phenolic compounds, showing high preference for
C-alkylation products in low to moderate yields have been
described by Serma et al.

(1984) and Raj et al. (1976).

When the same reaction conditions and reagents were applied
to coumestrol, no reaction occurred.

In both cases, the

lack of solubility of coumestrol in the reaction solvents
was the main reason for the failure of the synthesis of the
prenylated coumestrol derivatives.
Due to these negative results, new synthetic
approaches were designed which will involve the total
synthesis of p h a s e d starting from more simple precursors.
This project is beyond the scope of the present project and
has become the major topic of another graduate student's
dissertation research.
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I.

Table 1. Feeding of sixth instar Pseudoplusia includens on cellulose
nitrate discs treated with soybean PI227687 leaf extracts and
extract fractions.
Bioassay

Extract or
fraction

Bioassay
solvent

Petroleum ether
Dichloromethane
Methanol
Distilled water

DCM
DCM
Water
Water

-8.5bf
2.3a
-7.7b
-1. la

II

MeOH
MeOH
MeOH
MeOH
MeOH
MeOH

1
2
3
3
4
4

Water
Water
Water
Acetone
Water
Acetone

-2.3c
0.9bc
0.3bc
6 .8a
-3.0c
3.9ab

III

DCM
DCM
DCM
DCM
DCM
DCM

1
2
3
4
5
6

DCM
DCM
DCM
DCM
DCM
DCM

3.9ab
8 .0a
3.4ab
3.0ab
-1 .3b
2 .4ab

I

t

Meant feeding
response*

n = 10

$ mg control eaten-mg treatment eaten; (+) deterrent; C-) stimulative.
$ Means in each bioassay followed by a common letter differ
significantly (p=0.05) as determined by Duncan's multiple range
test.

Table 2.

Bioassay

Development and survival of Psoudoplusia includens larvae on artificial diet
supplemented with fractions of methanol and dichloromethane leaf extracts from
soybean PI227687.
Extract
fraction

I

MeOH 1
MeOH 2
Water (Control)

Meant weight (mg)
Larvae 10 days
1.9a*
28.3b
75.0c

II

MeOH 3
MeOH 4
DCM 2
DCM (Control)

5.2a
3.3a
6.4a
157.6b

III

DCM 1
DCM 3
DCM 4
DCM 5
DCM 6
DCM (Control)

71.7b
30.6a
8.3a
86.3a
19.9a
80.4b

Pupae

Meant larval

Mortality

life (days)

(X)

130.Oaf
257.7b
248.6b

39.Ocf
17.8b
15.2a

100.0
0
3.3

217.4a
207.0a
242.0a
227.6a

30.9a
31.0a
26.3b
17.5c

71.4
97. 1
80.0
8.5

264.3b
254.8ab
254.6ab
253.3ab
249.6a
248.8a

16.3b
17.5c
25.3e
15. la
19.6d
15.2a

6.2
2.8
13.8
2.8
0.0
0.0

t n= 35 initially.
t Means in each column for each experiment not followed by the same letter differ significantly
(p=0.05) as determined by Duncan’s multiple range test.
I Data for one survivor.
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Figure t. Extraction procedure for extracting soybean PI227687
resistant to soybean looper Psaudoplusia includens.

Figure 2. X Ray structure of Afrormosin (3).
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HO
1. R=H; Coumestrol.
2. R=isoprene; P h a s e d

HO
3. Afrormosin

OH

U. R=isoprene; Kievitone
5. R=H; Dalbergiodin

6. R=H; Genistein
7. R=isoprene; Wighteone

HO

HO

8. R = H ; 2 -Hydroxigenistein
9. R=isoprene; Luteone

Figure 3. Examples of i s o f lavonoids and their
prenylated derivatives.

CHAPTER 2

PHEROMONE FROM Chilo plejadellus ZINKEN
MEDIATING C. plejadellus SEXUAL BEHAVIOR

This chapter was written in the style of the
Journal of Chemical Ecology.
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IN T R O D U C T IO N .

Rice is the basic food of 60% of mankind and is grown
on about 140 million hectares in Asia, Africa, Latin America
and North America (Pathak and Saxena 1980).

Rice belongs to

the Gramineae family and the genus Oryza. There are 20 valid
species of Oryza but almost all cultivated rice is
Oryza sativa

(L.), which originated in Asia several

thousand years ago (Chang 1976).
(Steud.)

African rice O. glaberrima

developed later and accounts for less than 4% of

the world's total rice hectarage.
Rice is grown from latitudes 55 degrees north to 55
degrees south and from sea level to altitudes of 3,000 m.
The optimum temperature for growth of rice is about 30°C,
since sterility is induced at temperatures lower than 20°C.
Thus, in cool winter regions, only one rice crop per year is
possible, in contrast with warm areas where as many as three
crops per year are common.
The warm and humid environment where rice grows is
conductive to high insect proliferation. Heavily fertilized,
high tillering plants and the monoculture of rice favors the
buildup of disease and insect pest populations. In the
tropics, rice grown using modern technology often suffers
more severe pest infestations than that produced by
traditional means.

Average yield losses by insect and

disease pests have been estimated at 35% in Asia and 21% in
North and Central America (Cramer 1967). Rice is attacked by
more than 100 insect species, 20 of which are considered
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major pests.

Together, they infest all parts of the plant

at all growth stages, and several transmit virus diseases
(Pathak 1977).
The striped rice borer,

Chilo suppressalis

(Walker),

is a serious pest of rice in Asia (Nesbitt et al. 1975),
especially in regions with temperate climates. Within the
Chilo genus, there are several other species that attack
maize, sorghum, sugarcane and rice.
stem borer, C.

They are : the sugar

infuszatellus (Snellen), (De-Ming et a l .

1984); the spotted stalk borer, C.part el 1us (Swinhoe),
(Nesbitt et al.1979); the rice stalk borer, C.

plejadellus

Zinken, (Douglas and Ingram 1942); the dark rice borer,
C.

polycrizus (Bojer), (Bowling 1980), the sugar cane

borer, C. sacchariphagus (Bojer), (Nesbitt et al 1980);
the African rice borer, C. zacconius (Bleaz),
al. 1983);

C.

(Zagatti et

loftini (Dyer), (Bowling 1980).

All female moths in this group place their eggs on
plant leaf surfaces. Newly hatched larvae enter the space
between the leaf sheath and the stem and begin feeding on
the tissue inside the leaf sheath.

Larvae feed for a few

days and then penetrate the stem and feed upward and
downward within the stem. When larval growth is complete,
they prepare an exit hole and pupate within the stem, straw
or stubble.
Stem borers may feed on plants from the seedling stage
to maturity.
of growth.

The damage varies according to size and stage
When borers infest plants in the vegetative
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stage their feeding activity affects the plant nutrient
transport system.

Consequently, the central leaf whorl does

not unfold but turns brown and dies, while the lower leaves
remain green. This kind of damage is called ’’dead heart” .
When plants in the reproductive stage are infested by
borers, the feeding activity may prevent the development of
the panicle or the panicle may emerge, die and dry out.
These panicles (seed heads) are rapidly bleached and are
referred to as "white heads".
Chemical control is not feasible, since once larvae
bore into the stem they are protected from insecticide
spray.

The use of systemic insecticides is another

alternative that provides good borer control.

However,

their disadvantage is that they kill beneficial insects and
other non-target organisms. The use of crop plant resistance
has been a successful tool in the control of C. suppressalis
on rice in Asia and numerous sources of resistance have
already been identified (Pathak 1980). Moderate resistance
exists in several IRRI cultivars currently grown insoutheast
Asia (Chaudhary et al.

1983).

Unfortunately, with the

exception of the yellow rice borer,

Seripophaga incertulas

(Kush 1984) and the African rice borer

C.

zacconius

(Ukuwungwu 1984), few or no plant resistance studies have
been conducted.
Pheromones offer an alternative approach to borer
control, since they can be used to monitor insect
populations and to disrupt moth behavior. A summary of the

43

pheromones of the genus Chilo (Table 1) indicates that all
of these compounds are closely related 16 and 18 alkene
carbon chains with alcohol, acetate, and aldehyde
functionalities. The Chilo suppressalis pheromone has been
studied extensively and Kanno et a l .
mating disruption via synthetic C.

(1980) have shown that

suppressalis sex

pheromone can significantly increase rice yields.
Chilo plejadellus, is the only Chilo species known to
exist in North America, and occurs in rice fields in the
Southeastern United States, (Douglas and Ingram 1942) and in
wild rice fields in Minnesota (Oelke 1982).

In general,

C. plejadellus damage has not been economically significant
for the past several years but it has recently been reported
as infesting large parts of the rice producing areas of
Arkansas (N. P.

Tugwel personal communication) and

Mississippi (Hammer 1985).
Practices to control C. plejadllus populations include
pasturing, plowing, or burning rice stubble in the winter,
and early rice planting in the spring. The development and
use of resistant varieties is highly recommended since it
does not require additional insecticide costs.

Several

sources of resistance have already been identified, although
commercial cultivars have not yet been developed (Oliver and
Gifford 1973, 1975).

Biological control currently occurs in

rice fields, since Agathus stigmaterus Cresson parasitizes
the larvae in Texas, Arkansas and Louisiana (C. M. Smith
personal communication) and Chelonus knabi in Minnesota
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(Noetzel 1982).

Insecticide control is not practical

because insecticide efficiency is uncertain, infestations
are irregular, and there are no efficient methods to monitor
C. plejadellus moths.

Hammond and Oliver (1971) have shown

that mating is controlled by a female pheromone secretion.
The objectives of the present project were to identify
the female sex pheromone of the rice stalk borer,
Chilo plejadellus Zinken, to determine the optimum
attractive concentration in field studies, and to evaluate
its attractiveness at different geographic locations.
M A T E R I A L S A ND METHODS.

Insects and Preparation of Extracts
Larvae of C. plejadellus were collected from rice
plants at the Louisiana State University Rice Research
Station at Crowley, Louisiana and reared until pupation on
an artificial diet similar to that used to rear the
southwestern corn borer, Diatraea grandiosella Dyar (Davis
1976). The colony was maintained on a 14L:10D photoperiod at
28°C and 65% RH. Pupae were separated by sex and kept
separately in glass containers (20 cm diam. x 9 cm high) for
adult emergence.

Twenty four hr after emergence, female

moths were kept in the dark cycle for 3 hrs or until they
assumed the calling position by exposing the genitalia
(Tatsuki et al.

1975).

Extracts were prepared by clipping

the last abdominal segment and extracting its contents in
10 /iL of HPLC grade heptane for 3 min at 25°C. The procedure
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was repeated every day until a 500 female equivalent extract
was obtained.

The extract was transfered to a 1 mL.

reaction vial and kept at -10°C until chemical analysis.
Chemical Analysis
Female C. plejadellus extracts were concentrated under
an argon stream to a 5 /uL volume. A 1 /uL sample was injected
into a Hewlett Packard model 5840A gas chromatograph
equipped with a 30 m OV— 1 bonded phase, capillary column and
a flame ionization detector.
at 10°C/min.

The instrument was programed

from 70 to 200°C with a helium carrier gas

flow of 46 cm/sec.

Structure elucidation was obtained by

GC-MS using a Hewlett Packard model 5985 mass spectrometer
equipped with a 30 m OV-1 bonded phase capillary column and
programed at the same conditions as the gas chromatograph.
Final characterization was made possible by mass spectral
analysis together with comparison with a synthetic standard.
Laboratory Tests.
Preliminary laboratory bioassays were conducted using
a flight tunnel with the same characteristics and dimensions
reported by Miller and Roelofs (1978). The tunnel was a
clear, flattened cylinder formed from the "U" shape of two
bowed sheets of plexiglass jointed at the middle.

The floor

was painted with with 30 cm wide black and white strips,
wind was supplied by a small electric fan connected to the
plexiglass by a flexible plastic sleeve.

Several layers of
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muslin were stretched across the tunnel's entrance to dampen
the airflow and make it essentially laminar.

Red lights

were mounted overhead to monitor flight in nocturnal
conditions.
Moths were kept in the light cycle for 12 hr, and
transferred to the dark 2 hr prior to bioassay. Odor
sources were virgin females or septa treated with synthetic
standards dissolved in HPLC grade heptane at the desired
concentration.

A single male moth was introduced into a

cylindrical hardware cloth cage with a removable lid and
placed at the downwind end of the tunnel. Odor source was
placed at the opposite end.

After 5 seconds of exposure,

the cage was opened and the male response was recorded.
Criteria used to analyze flight behavior were wing buzzing,
time spent to orient to the source, and total flight
distance.
Field Tests.
Traps used for field testing were Pherocon No. 3302-0
obtained from Trece Inc. Salinasm, California.

Synthetic

pheromone was obtained from Shin-Etsu Company, Tokyo, Japan,
Cat. No.

76870.

The pheromone was combined with an equal

amount of 2,6-di-tei— butyl-p-cresol (BHT) as an antioxidant
and dissolved in HPLC grade heptane to obtain the desired
concentration.

200 /nL applications of the pheromone

solutions were dispensed onto septa, Cat. 2-7131-10 obtained
from the Bittner Co., Norcross, GA., supplied by Fischer

Scientific.

Prior to treatment, septa were cleaned fay

soxhlet extraction with HPLC grade dichloromethane for 48
hr. Traps were suspended 1 m above ground level from steel
conduit tubes and spaced 50 m apart from each other.
Experiments were conducted at the Rice Research Station,
Crowley, Louisiana; the farm of Mr. Larry Tubbs, 20 miles
southeast of Mer Rouge, LA and the farm of Mr.

Bufford

Perry, 15 miles southwest of Lake Providence, LA.

(Figure 1)

the Rice Experiment Station Beaumont, Texas; and in the
Ashley, Chicot, Craighead, Cross, Desha, Jackson, Jefferson,
Lee, Monroe, Phillips, White, and Woodruff counties in
Arkansas (Figure 2).
Concentration ratio studies were conducted at the Rice
Research station in Crowley, Louisiana and at the commercial
fields in Mer Rouge and Lake Providence, Louisiana.

Figure

3 shows the trap locations on the LSU Rice Research Station.
Locations were separated at least 200 m from each other.
Locations 1 and 2 were adjacent to rice fields, location 3
was near a fluorescent light trap, and location 4 was in a
wooded area away from either

rice or the light trap.

After

the most attractive concentration was determined, eight
locations were monitored (Figure 4).

Locations 1 through 5

were adjacent to rice fields, location 6 was near the light
trap and locations 7 and 8 were along wood lines away from
the light trap and rice fields.

Concentration studies were

also conducted in rice fields at Mer Rouge and Lake
Providence.

Two replicates of four concentrations and a
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control were tested at each of the locations.

Experiments

to compare the effectiveness of the pheromone to a light
trap were conducted at Crowley, LA from April to October,
1985.
RESULTS.
Preliminary GC analysis of the female C. plejadellus
tip extract revealed the presence of one major component
with a retention time of 19.51 minutes (Figure 5). Gas
chromatography combined with mass spectrometry indicated a
compound (Figure 6) with molecular ion peak of m/z 266 (2.3%
M +), which was consistent with a molecular formula of
Ci 8H 340 with a double unsaturation, and the fragment ion
peaks at 248 (6.4%, M +-18), 237 (1.1%, M +-29), 223 (1.7%,
N +-43) and 125 (11.3%, M +-141). It was found that the GC
retention time of compound (1) was close to those of
octadecenal aldehydes. For establishing the olefinic
position and configuration of the octadecenal,

1 ^L of the

extract was co-chromatographed with a mixture of Z-9, 2-11,
and Z-13 octadecyl aldehydes. An increase in the area of the
Z - 13-octadecenal was obtained.
Due to the conditions of the colony, only 10 male
moths were available for laboratory bioassay and no
statistical studies were possible.

However, preliminary

studies indicated differences in response to various
sources. One male was exposed to a virgin female secretion
and it responded finding the source within 20 sec. No

response within 5 min.

was obtained on males exposed to

solvent, 300 ^g of (Z)-11-octadecenal, 300 nq of a mixture
of CZ)— 1 1— and (Z)-13- octadecenal 1:1, and 100 /ig of
(Z)-13-octadecenal.
1,000

Males exposed to septa treated with

nq of (Z)-13-octadecenal showed similar behavior as

the male exposed to the virgin female secretion.

Males

started wing buzzing within a 5 sec period followed by
flying near the source within a 25 sec period but no contact
with the source was observed.
In general, the 3.0 mg concentration of (Z)-13octadecenal trapped more C . plejadellus males than other
concentrations in both North and South Louisiana (Tables 2,
3,4).

At Crowley (Table 2), the 2.0 mg concentration was

comparable to the 3.0 mg only during the fourth week of May.
Concentrations of 0.03 and 0.3 mg were considerably less
attractive.

At Lake Providence (Table 3), the 2.0 mg

concentration was about 55% as attractive as the 3.0 mg
concentration during the third and fourth weeks of May,
whereas the 1.0 and 0.3 mg concentrations were less than 25%
as attractive during the same period.

At Mer Rouge (Table

4), the 2.0 and 3.0 mg concentrations were similar in
attractiveness during the third week of May.

However,

during the first three weeks of June, the 2.0 mg
concentration lost attractiveness.

The 0.3 mg concentration

was as active as the 3.0 mg concentration for the last two
weeks of May and the first two weeks of June. This was the
only location where such an occurrence was observed.
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Concentration ratio studies were also conducted at the Rice
Experiment Stations in Beaumont, TX, and Stuttggart, AK, but
the experiments were conducted during July at the lowest
level of C.

plejadellus population, and yielded no

significant results.
Comparison studies of the pheromone trap and light
trap catches (Figure 7, Table 5) indicated that population
curves were similar in both traps, with major population
peaks occurring in April and August.

Pheromone trap

catches were greater than those in the light trap on all but
one trapping week. The second peak population, which began
in July, was detected approximately 21 days earlier in the
pheromone trap than in the light trap.
Results of C. plejadellus trapping studies in North
and South Louisiana (Figure 8, Table 6) indicated that two
population peaks also occurred in North Louisiana. The
second peak ocurred about 2 weeks earlier in Lake Providence
than in Mer Rouge.
Results of field trapping in South Texas and Arkansas
(Table 7) indicated that C. plejadellus populations were
present but at much lower levels than on rice grown in
Louisiana. The highest population in South Texas occuurred
in September with a maximum of 6.3 males/week/trap.

In

Arkansas, the greatest trap catch occurred in Woodruff
County (28 males/week/trap) during the second week of
September. In contrast, no males were trapped in Lee County
and a few males were trapped in the Craighead, Cross, and
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Jackson Counties.

Trap catches in the rest of the counties

were intermediate, but the maximum catch was always less
than 6.5 males/week/trap.
DISCUSSION.

It is obvious that Z - 13-0ctadecenal is the major
component of the female C. plejadellus sex pheromone. The
extraction method used produced a relatively pure extract
which yielded a single component with high attractiveness to
C.

plejadellus males, both in the laboratory and in the

field.
Pheromone septa effectively monitored C. plejadellus
populations during 1985. The first population peak in Figure
8 corresponds to the emergence of adults from overwintering
diapausing larvae left in rice stubble the season before.
The low trap catches during the next two months correspond
to the period of larval and pupal development, and the
following peaks correspond to adult emergence.

The second

peak trap catches during the second generation were lower,
since pheromone septa were competing with higher
populations of virgin females than during the first
generation.
Comparison of the effectiveness of the pheromone to a
virgin C.

plejadellus female was not possible to obtain

during the 1985 season due to deficiencies in the diet of
the labratory colony, and since pupae were obtained from the
field too late to perform the studies.

However, in
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preliminary studies conducted in September,

1984 at Crowley,

a single female caught 70 males/trap/night at a high
population density.

The maximum pheromone trap catch

recorded in our studies to date was 62 males in a single
night during May, 1985 at Mer Rouge.

Although these results

were not obtained at the best conditions of time or location
it is reasonable to estimate that the pheromone is about 90%
as effective as C.

plejadellus virgin females at high

population densities. Other studies conducted at low
population densities in Crowley showed that pheromones
trapped twice as many males as traps with virgin females.
No males were trapped at Crowley in the no rice areas
of location 4 (Figure 3) or locations 7 and 8 (Figure 4).
We concluded however, that this lack of attractiveness was
due mainly to competition with virgin females in the field,
the light trap, and other pheromone traps.

It is well

established that some pheromones are active at distances as
far as 3 Km from the source (Hummel and Miller 1984) and
this conclusion is confirmed by the results presented in
Table 8.

These data indicate that trap catches occurred at

locations where rice is not present within a radius of at
least 1.5 Km.
The concentration studies indicated that, in general,
septa containing 3.0 mg of pheromone were effective in
trapping C.

plejadellus males. However, there is a

possibility that concentrations as low as 0.3 mg could be as
effective, depending upon C.

plejadellus

density and
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environmental conditions.

Concentrations higher than 3.0

mg/septum will probably be useful in producing disruption
behavior more than monitoring insect populations, however,
it will not be economically feasible since it will increase
cost production.
The use of pheromone traps proved to be more effective
in detecting

C. plejadellus

populations than the light

trap. Both techniques provided information about
C.

plejadellus populations, but the pheromone trap data

provided it as much as 2 wks earlier.

This is an

interesting finding, since earlier detection may make
insecticidal treatment of moth populations possible before
mated females oviposit. In contrast, the light trap detected
peak populations later, when insect larvae had already
infested the rice stem, and control was not feasible.
Our results indicate that rice fields in Texas,
Arkansas, and Louisiana are being infested by
C. plejadellus. Among them, Louisiana rice fields suffer the
highest infestations. At the present time, C. plejadellus
is not considered a major pest of rice, but monitoring
studies should be continued, in order to determine if
C.

plejadellus has the potential to become a serious pest

of rice in North America.
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Table 1. Stem borers classified in the Chilo genus.
Scientific name

Common name

Pheromone

Reference

C. infusoatellus (Snellen)
C. loft ini (Dyar)

Sugarcane stem borer
--- -

(Z)-11-C16-ALC
Unknown

De-ming 1984
Bowling 1980

C. partellus (Swinhoe)

Spotted stalk borer

(Z)-11-C16-ALD

Nesbitt 1979

C. plejadellus Zinken
C. polychrizus (Meyrick)

Rice stalk borer
Dark headed rice borer

C. sacchariphagus (Bojer)

Sugarcane borer

C. suppressalis (Walker)

Striped rice borer

C. Zacoonius (Blesz)

African rice borer

Unknown
Unknown
(Z)-13-C18-AC (7)
(Z)-13-C18-ALC ( 1)
(Z)-11-C16-ALD (5)
(Z )— 13—C 18-ALD ( 1)
(Z )-13-C18-ALD t

Douglas 1942
Bowling 1980
Nesbitt 1980
Nesbitt 1975
Zagatti 1983

t not isolated from female abdominal tips.

01

00

Table 2. Attraction of male C. plejadellus moths to traps baited
baited with (Z)-13-octadecenal. Crowley, La. 1985.

X±SE males caught/week/trap.
Trapping
period

Concentration (mg/septa)
0.03

0.3

1.0

3.0

0 (Control)

4/3
4/4
5/1
5/2

0
0.3 ±0.1
0
0

6.0 ±2.8
1.3 ±0.6
0
0

11.3 ±5.3
4.0 ±1.4
0
0.3 ±0.1

21.3 ±7.3
3.6 ±1.3
0.6 ±0.3
0

0
0
0
0

Total

0.3 ±0.1

3.6 ±1.1

5.2 ±1.5

8.5 ±3.0

0

Table 3. Attraction of Male C. piejade11us moths to traps baited
(Z)-13-octadecenal. Lake Providence, La. 1985.

X±SE males caught/week/trap.
Trapping

Concentration (mg/septa)
0.3

period
5/2
5/3
5/4
6/1
6/2
total

35
9
12.5
8
0.5

±10
±1 .0
±3.7
±4.0
±0.2

13.0 ±1.5

1.0
19
8
7
1.5
1

±4
±2.5
±2.0
±0.7
±0.5

7.3 ±0.7

2.0
45.5
5
10.5
2.5
1.5

±1.2
±1 .0
±0.6
±0.2
±0.2

13.0 ±1.6

3.0
48.5
8
16.5
8
1.5

±0.7
±0.5
±2.2
±2.5
±0.2

16.5 ±1.7

0 (Control)
0.5 ±0.3
0
0
0
0
0.1 ±0.03

Table 4. Attraction of male C. plejsdellus moths to traps baited
with 3 mg of (Z)-13-octadecenal. Mer Rouge, La. 1985

X±SE males caught/week/trap.
Trapping
period

Concentration (mg/septa)
0.3

1.0

2.0

3.0

0 (Control)

5/3
5/4
6/1
6/2

6.5 ±1.7
2.0 ±0.5
0
0

6.5 ±0.7
3.0 ±0.0
0
0

21.5 ±0.7
8.5 ±1.7
0.2 ±0.2
0

45.0 ±3.5
11.0 ±0.0
0.2 ±0.2
0

0
0
0
0

Total

2.8 ±0.5

3.1 ±0.4

10.1 ±0.6

18.8 ±3.2

0

Table 5. Total number of moths C. piejadellus attracted to traps
baited with 3 mg of (Z)-13-octadecenal and a light trap.
Crowley, Louisiana, 1985.
Month
April

May

June

July

August

September

October

Week
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
Total

Light trapt
0
9
5
5
1
0
0
0
0
0
0
0
0
0
1
2
0
11
0
48
11
9
6
0
0
108

(Z )-13-octadecenal%
—
—
76
11
2
0
0
0
0
0
0
0
6
5
1
17
23
20
56
42
0
34
0
0
10
283

t Equal to total number of moths.
$ Equal to total number of male moths per three traps.

Table 6. Attraction of male C. plejadeLlus to traps baited with
3 rag of (Z)-13-octadecenal in Crowley, Lake Providence,
and Mer Rouge, Louisiana. 1985.t
Month
April
May

June

July

August

September

October

Week
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2

Crowly
21.3 ±7.0
3.6 ±1.3
0.6 ±0.3
0
0
0
0
0
0
0
1.5 ±0.2
1.2 ±0.2
0.2 ±0.1
4.2 ±1.1
5.7 ±0.8
5.0 ±0.6
11.0 ±2.3
13.0 ±1.7
0
7.2 ±1.0
0.5 ±0.1
1.0 ±0.3
2.5 ±0.3
0

t X±SE males caught/week/trap.

Lake Providence

Mer Rouge

---------

-------

45.0 ±3.5
11.0 ±0
0.2 ±0.2
0
0
0
0
1.2 ±0.1
2.0 ±0.3
0
0
0
0
0
27.5 ±2.2
19.5 ±0.7
13.7 ±1.9
2.5 ±0.5
3.7 ±0.8
0

48.5
8
16.5
8
1.5

0.7

7.5
15.7
29
6.5
5
16.5

±0.7
±0.5
±2.5
±2.5
±0.2
0
0
0
0
±0.2
0
0
0
0
0
±0.7
±0.9
±1.8
±0.8
±0.4
±0.8

Table 7. Attraction of male C. plejadellus moths to traps baited uith 3.0 mg of
(Z)-13-octaaecenal■ on Texas and Arkansas. 1905.t

Ar k a n s a s
Week of

Ashey

Chicot

Craighead

7X4
8X1
8X2
8 X3
8 X4
9X1
9 X2
9X3
9X4

1. 3
0
3
2
1. 5
0. 5

3. 3
0. 3

0
0
0
0
0
0

0
0
4. 5
1

r Means of moths caught by weekXtrap.

Cross

0
0
0
0
0
0
0
0
0. 5

Te x a 3

Desha

Jackson

Jefferson

Lee

0. 6
0

0
0
0

2. 3
0. 6
0

0
0
0

6
0
3. 5
0. 5

0

0
0
0
0

0
3
6
1
0. 5
0. 5

Monroe

0. 3
0
0
0

0
0

0
0
2

0
0
0

Phillips

0
1
1 .
0
2

Uhite

Uooddruff

0

0
0
0
0
0
1
28
22
4

0
5 0
0
0
0
6. 5

Beaumont

0
0
0
0. 7
1. 3
0
6. 3
1. 3
0

Table 8. Attraction of male C. plejadellus moths at various
sites in North Louisiana. 1985.
Date

Location
8/20
LA-13 at LA-10
1-20 mile 23
1-20 mile 167
US-65 at LA-3209

3
0
0
0

9/16
0
1
0
3

10/2
0
0
4
0

1 CROWLEY
2

LAKE

3

MER

PROVIDENCE
ROUGE

J

Figure 1. Distribution of pheromone traps with (Z)-13-octadecenal,
Louisiana

1985.
cr*
O'

67

1 ASHLEY
2

C H IC O T

3 CRAIGHEAD
4

CROSS

5

DESHA

6 JACKSON
7

JEFFERSON

8

LEE

9

MONROL

10

PHILLIPS

1 1 WHI TE
1 2 WOODRUFF

Figure 2. Distribution of pheromone traps with (2)-13-octadecenal.
Arkansas

1965.

RICE PLANTED
£

LIGHT TRAP

\
I
L

Figure 3

Distribution of traps for concentration ratio studies in
Crowley, LA. 1985.

O'
CD

RICE PLANTED
LIGHT TRAP

Figure 4. Distribution of pheromone traps for monitoring
C. plejadellus populations at Crowley, La. 1985.

O'
o

Figure 5. Gas chromatogram profile from C. plejadellus female abdominal
tip extract.
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Figure 6. Mass spectrum of (2)-13-octadecenal isolated from
plejadellus

female abdominal tip
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Figure 7. Comparison of C. plojadell'js catches from a light
trap and traps baited with 3.0 mg of
<Z )-13-octadecenal.
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Figure 8. Monitoring C. plejadellus populations in Louisiana

1985.
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